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(54) Titie: RAIN SENSOR WITH FOG DISCRIMINATION 




(57) Abstract 

A vehicle rain sensor system for detecting precipitation on an exterior surface of a window (19) including an illumination sensor (36) 
that is decoupled from the window. The illumination sensor is preferably an imaging array sensor which communicates a signal control 
(42) which further determines whether rain is present on the window. The control preferably includes an edge detection (44) for detecting 
edges of precipitation droplets on the window and activating the windshield wipers (22) of the vehicle when the number of edges detected 
exceeds a predetermined threshold value. The rain sensor system may fiirtiier include a polarizing filter (62) and an illumination source 
(55). such that rain sensor system may not only prevent false signals of rain when only fog is present on an interior surface (28) on the 
window, but also allows the rains sensor system to actually detect fog particles on an interior surface on the window, thereby allowing the 
control to further be connected to a ventilation blower within the vehicle for the purpose of activating the blower to eliminate the fog. 
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RAIN SENSOR WITH FOG DISCRIMINATION 
This non-provisional application is based upon a United States Provisional Patent 
Application, serial number 60/064,335, filed October 30, 1997, and claims its priority date 
from that application, which is hereby incorporated herein by reference. 

5 BACKGROUND OF THE INVENTION 

This invention relates generally to vehicle moisture detection systems which detect 
precipitation on an outer surface of a vehicle window or windshield and; more particularly, to 
a rain detector which is decoupled from the windshield and capable of separately detecting 
both rain on an exterior surface and fog on an interior surface of the window. 

10 Several rain sensor systems have been proposed. Early attempts were typically 

closely coupled to the interior surface of the windshield, such as by bonding to the glass 
surface or the like. The problem with such closely coupled units is that they create difficulty 
in the necessity to handle two different windshield configurations in the factory, which 
increases inventory costs. Also, the close coupling creates a difficulty in the replacement of 

1 5 the windshield in the after market. This is a result from the necessity to replace the rain 
sensor on the windshield after the windshield has been replaced. The other difficulty v^dth 
closely coupled rain sensor units is that the close proximity of the units to the glass surface 
results in a relatively small sampling area. Therefore, in order to achieve an adequate 
sampling area, closely coupled units increase the number of sampling channels which results 

20 in the increase of cost and bulk to the unit. 

In order to avoid concerns with replacing a windshield as it may become broken or 
cracked, and other deficiencies with units coupled to the windshield, other devices have been 
proposed that are decoupled from the windshield such that the sensor is spaced from the 
interior surface of the windshield. However, such a system is not good at determining when 

25 the signal it receives is due to rain droplets on the exterior of the wuidshield or due to fog 
particles on the interior surface of the windshield. Therefore, fog on the inside of the 
windshield may result in a false rain signal to the system, which may lead to the windshield 
wipers being turned on when there is no moisture present on the exterior surface of the 
windshield. 

30 Other systems have been proposed to decouple the rain sensor from the windshield in 

order to overcome some of the disadvantages of previously proposed systems. One such 
device orients an illimiination source and an illumination sensor at an acute angle relative one 
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another such that when the light is redirected by fog droplets on the inner surface of 
windshield, it is not received by the sensor, while light that is refracted through the 
windshield and further reflected by water droplets on the exterior surface of the windshield 
may be received by the sensor, thereby supposedly detecting rain droplets on the exterior 

5 surface of the windshield. While such a device may arguably reduce the likelihood of a false 
signal of rain when there is only fog present on the interior surface of the windshield, the 
device does not determine that fog is present on the interior surface. Therefore, such a device 
has not been proposed for use with a blower or ventilation system of the vehicle to activate 
the blower and eliminate the fog as it becomes present on the interior surface of the 

10 windshield. 

Another proposal in which the rain sensor is decoupled from the windshield is 
disclosed in an mtemational patent application to Dennis Hegyi, published November 24, 
1994, under international publication number WO 94/27262. Although the device disclosed 
in Hegyi overcomes some of the difficulties of the prior art, it is not without its own 

15 difficulties. Hegyi recognizes that having the unit spaced from the windshield again allows 
inner surface interference, such as from fog or other moisture collecting on the inner surface 
of the windshield, as well as from cabin smoke and the like coming between the sensor and 
windshield. Although Hegyi purports to discriminate rain on the exterior of the windshield 
and fog on the mterior of the windshield, the results have not been totally satisfactory. The 

20 Hegyi unit is an integrating sensor which integrates the output of a photo detector over time 
in order to attempt to detect either rain on the exterior of the windshield or fog on the interior 
of the windshield. Such an integrating sensor tends to dilute the impact of any individual 
phenomena, such as a raindrop or a particle of fog, thereby reducing the ability to detect such 
phenomena. 

25 Typically, the illumination sources implemented in these rain sensors are LEDs or 

laser diodes, which project an infrared signal toward the windshield. Due to the wavelengths 
of the infrared signals, the signals are substantially invisible to a human eye and transmit 
readily through a standard vehicle windshield. However, vehicle manufacturers have 
developed filter characteristics within certain windows and windshields that substantially 

30 reduce the amount of near infi-ared light that may transmit tlirough the glass and into the 

vehicle, thereby avoiding solar loading within the vehicle by infrared radiation radiating firom 
the sun. While these filter characteristics are generally inefficient and allow a range of near 
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infrared wavelengths in the proximity of visible light to transmit therethrough, they 
substantially hinder the effectiveness of a typical infrared emittmg LED implemented in a 
conventional rain sensor. 

SUMMARY OF THE INVENTION 

5 The present invention is intended to provide a vehicular rain sensor which accurately 

detects rain on the windshield under a wide variety of operating conditions, including the 
presence of fog on the windshield interior, and provides the ability to separately detect the 
presence of rain or fog on a window of a vehicle. 

According to an aspect of the invention, a rain sensor which senses rain and/or fog on 

10 a vehicle window includes an imaging array sensor directed toward a vehicle window and a 
control which responds to an output of the imaging array sensor in order to indicate 
precipitation on an exterior surface of the window. 

According to another aspect of the invention, the control may include a computer 
programmed with an edge detection algorithm, for detecting the edges of droplets of rain as 

15 they appear on the exterior surface of the windshield. The control may be coupled to a 

windshield wiper such that the wipers are turned on when a predetermined threshold value of 
precipitation is detected on the window. An illumination source may also be implemented 
for illuminating the window when ambient light levels are low. 

According to another aspect of the invention, an optic may be included between the 

20 imaging array sensor and the windshield. The optic has a low f-ratio which provides a 
narrow depth of field to the imaging array sensor, such that only the area inunediately 
adjacent the windshield is in focus on the imaging array sensor. The imaging array sensor 
and optic are oriented relative the windshield to satisfy the Scheimpflug condition such that 
the optic focuses an entire samplmg area of the windshield onto the correspondingly angled 

25 imaging array sensor. 

According to another aspect of the invention, the vehicle rain sensor includes a 
polarizing filter that is at least occasionally positioned in an optical path between the 
illumination source and the sensor to filter out polarized light radiated from a fog particle on 
the inside of the window. The control responds to a signal from the sensor in order to 

30 indicate precipitation on an exterior surface of the window independent of moisture on an 
interior surface of the window. 
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According to still yet another aspect of the present invention, a vehicle rain sensor for 
detecting rain or fog on a vehicle window comprises at least one illumination source and at 
least one illumination sensor, having at least one optic path therebetween. At least one of the 
optic paths is defined between at least one of the illumination sources and the vehicle 
5 window, and between the vehicle window and at least one of the illumination sensors. A 
polarizing filter is positioned along at least one of the optic paths, and a control responds to 
an output of at least one of the illumination sensors in order to indicate precipitation on an 
exterior sxirface of the window or fog on an interior surface of the window. The control may 
communicate with the vehicle windshield wipers and/or the rear window wipers when rain is 
10 detected on the exterior surface of the window and communicate with a blower within the 
vehicle to activate the blower when fog is detected on the interior surface of the window. 

The invention provides a new principle of rain detection which is decoupled firom the 
windshield and accurately detects the presence of rain on the windshield and distinguishes 
rain firom other phenomena which could be confused with rain, such as fog. The invention 
15 further accurately provides for the separate detection of fog, thereby allowing further 
measures to be taken to improve driver visibility. 

These and other object, advantages and features of this invention will become 
apparent upon review of the following specification in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 is a top view of a vehicle with a rain sensor with fog discrimmation according 

to the present invention installed therein; 

Fig. 2a is a sectional view taken along line II-II in Fig. 1 ; 
Fig. 2b is the same view as Fig. 2a of an alternate embodiment of the present 
invention; 

25 Fig. 3a-c are graphical illustrations of the geometric relationship of the elements of 

Fig. 1 in three dimensions; 

Fig. 4 is a block diagram of an electronic control circuit; 

Fig. 5a is an enlarged illustration of the optical features of rain droplets which are 
detected by an edge detection algorithm during daytime conditions; 
30 Fig. 5b is the same view as Fig. 5a during nighttime conditions; 

Fig* 6 is the same view as Fig. 4 of an altemate embodiment thereof; 
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issued to Schofield et al., the disclosure of which is hereby incorporated herein by reference. 
By mounting rain sensor system 1 6 in a rear view mirror bracket such that illumination 
detector 36 is directed toward the front of the vehicle, rain sensor system 16 may be adapted 
to also operate as a head lamp controller, as disclosed in commonly assigned United States 

5 Patent 5,796,094 issued to Schofield et al., the disclosure of which is hereby incorporated 
herein by reference. Furthermore, illumination detector 36 may be adapted to fimction as a 
component of an active cruise control system, whereby the detector functions to determine 
the speed at which the vehicle is travelling. Alternatively, if the rain sensor system disclosed 
herein were mounted such that illumination detector 36 were facing rearward, toward rear 

10 window 20 of vehicle 1 8, illumination detector 36 may be adapted to function as a 
component of a vehicle back-up aid system. 

Illumination detector 36 is preferably a multi-element imaging array mounted behind 
an optic lens 46 that is positioned between detector 36 and windshield 19. Lens 46 is 
preferably designed to have a small f-ratio in a range between approximately 0.8 and 

15 approximately 1.1, and a long focal length, preferably as long as possible while still 

encompassing sampling area 48. This provides a narrow depth of field of the image, which 
results in detector 36 receiving a focused image of only the area inunediately forward and 
rearward of vdndow 19. Imaging array detector 36, lens 46 and window 19 are all oriented 
relative one another according to the Scheimpflug relationship, which results in scenic 

20 information of sampling area 48 on window 19 being in focus on detector 36, not 
withstanding the small f-ratio and long focal length of the optic. This relationship is 
commonly known in the field of optical engineering and is illustrated in Figs. 3a-c by a plane 
49 passing through lens 46 and a plane, shown by dashed line 50, extending along detector 
36, both of which intersect a plane defined by window 19 at a line 52 (Fig. 3c). This 

25 relationship applies three dimensionally, with plane 49 passing through lens 46 and plane 50 
extending along detector 36 intersecting the plane defined by window 19 at the same line 53 
(Fig. 3b). By orienting detector 36, lens 46 and window 1 9 in such a fashion, the entire 
angled surface of sampling area 48 on window 19 will be brought into focus on the angled 
surface of detector 36. 

30 As shown in Fig. 4, rain sensor 16 includes an electronic control 40 having an AID 

converter 37 which converts the analog information captured by imaging array 36 into digital 
format for use in processing by an edge detection function 44. If the edge detection function 
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detects the presence of rain droplets, a ^yindshield wiper control 21 turns on the windshield 
wipers 22 and/or modulates the wiper speed in proportion to the quantity of droplets detected. 
Control 40 further includes a detection control function 42 which coordinates operation of the 
various components of control 40 so that individual capture frames of array 36 are grabbed 

5 and processed. Preferably, the functions of control 40 are integrated in a progranmied 

computer or micro-computer, but may be individually provided as discreet analog or digital 
components. If array 36 includes interface circuitry capable of producing digital signals, the 
need for A/D converter 37 may be obviated. By the terms control and /or computer as used 
herein, it is envisioned that the present invention may include a micro-computer with an 

10 embedded control application, a custom digital logic circuit, a digital signal processor circuit 
or the like, which may be adaptable to be positioned within or in the vicinity of a rear view 
mirror housing. 

Edge detection function, shown generally at 44 in Fig, 4, analyzes the signal from 
illumination detector 36 and determines the number of precipitation droplets present on 

15 exterior surface 24 by detecting the edge of each droplet and further determining if the 

number of edges detected is above a predetermined threshold value. Edge detection function 
44 allows imaging array detector 36 to interrogate many complex patterns on a surface of 
window 19, instead of integrating them together and thereby diluting the impact of the 
effects. The edge detection function isolates and identifies the individual phenomenon that 

20 become present on exterior surface 24 of window 19, which allows the system to separate out 
the multiple effects of the phenomena, rather than integrating them together. Such an edge 
detection algorithm is commercially available and is marketed by MathWorks as a MATLAB 
image processing toolbox EDGE routine. Alternately, an edge detection/thresholding 
algorithm may be used that uses the Roberts, Prewitt, or Sobel approximation to the 

25 derivative, which are generally known in the art. While these algorithms are available and 
have been used to test and evaluate the present invention, it is important to note that many 
edge detection algorithms are commercially available and a skilled artisan would select the 
appropriate algorithm for each application of the present invention. For example, an edge 
detection algorithm may analyze precipitation droplets in a linear maimer, where the 

30 algorithm enhances the edges as received by the imaging array detector and coimts the 
contiguous droplets present within the sampling area. Alternatively, an edge detection 
algorithm may enhance and then further analyze the droplets according to the nimiber of 



-7- 



. wo 99/23828 



PCT/US98/23062 



droplets and the size of their contiguous edges or other characteristics. Therefore, by 
implementing an imaging array sensor for illumination detector 36 and further utilizing an 
edge detection algorithm 44, the effects of fog on the interior surface 28 of window 19, and 
of other interferences, may be reduced as the rain sensor actually receives and analyzes the 

5 contiguous droplet edges present within an image of sampling area 48 on window 19, rather 
than merely receivmg a pulse of light reflecting or emitting from an object on window 1 9. 

Control 40 may be used to control windshield wipers 22 on front window 19 and may 
further be used to control rear window wipers 26 on rear window 20 of the vehicle 1 8. 
Control 40 may turn on rear wiper 26 at the same or different rate as front wipers 22. For 

10 example, for every N wipes of front wiper 32, control 40 may generate a command for rear 
wiper 26 to wipe one time. N is preferably some number greater than 1 so that rear wiper 26 
does not wipe as often as front wiper 22. Control 40 may further vary the rate of rear wiper 
26 based on the wipe rate of front wipers 22, which may also be varied depending on the 
level of precipitation detected on exterior surface 24 of window 19. Furthermore, the edge 

15 detection function may provide various thresholds at which control 40 activates the wipers at 
different speeds. For example, when the size and/or number of contiguous edges is low, the 
wipers may be activated for only a single wipe across the windshield or rear window, 
whereas when the size and/or number of the contiguous edges increases, a continuous low 
speed wipe may be provided or even a continuous high speed wipe as the size and/or number 

20 of contiguous edges detected further increases. 

In an alternate embodiment of a vehicle rain sensor system 16', illustrated in Fig. 2b, 
an illumination source 38 is also positioned within pod 31 to provide illumination to sampling 
area 48 of window 19. This allows illumination detector 36 to operate in low ambient light 
conditions by illuminating raindrops present on the window. When precipitation of fog is 

25 present on window 19, illumination emitting from illumination source 38 is reflected and 
refracted by the window and the precipitation droplets such that illumination is received by 
illumination detector 36. However, when neither fog nor rain is present on window 19, 
illumination detector 36 does not directly receive any substantial amount of light emitting 
from illumination source 38, as light emitting from illumination source 38 reflects downward 

30 from interior surface 28 of window 19 or refracts through window 19, rather than reflecting 
toward illtmiination detector 36. 
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lUximination source 38 may be a standard photodiode, infrared energy emitter or the 
like, and is preferably operable in a pulse mode. Most preferably, rain sensor 16* is 
coordinated such that illumination source 38 is pulsed to illuminate the area on the window 
while illumination detector is simultaneously exposed to the area. Illumination detector 36 

5 may be either mechanically or electronically shuttered open at the precise moment ttiat 
illumination source 38 is pulsed or activated. This results in a more efficient system by 
avoiding the operation of illumination source 38 except for those moments when illumination 
sensor 36 is actually receiving an image. This also allows a high peak illumination, as 
provided by illumination source 38, to be more readily extracted from the backgroimd 

10 ambient lighting. Because an imaging array sensor may process either visible light or 
invisible, infrared ranges, illumination source 38 of the present invention may provide 
illumination at a preferred wavelength which is between the visible ranges and infrared 
ranges. Therefore, illumination source 38 is preferably a LED which emits energy pulses 
having a wavelength near that of infrared light, such that the beam emitted is substantially 

15 invisible to the human eye, yet may still pass through the infrared filter characteristics within 
certain vehicle's windows. Most preferably, the energy emitted by illumination source 38 
has a wavelength within the range of approximately 820 to 880 nanometers, which may be 
transmitted through the filtering characteristics of a window and processed by imaging array 
sensor 36. 

20 A control 40' useful with rain sensor system 16' includes an ambient light logic 

function 54 to determine the level of ambient light present on window 19 and switch rain 
sensor system 16* between a passive mode, where illumination source 38 is not iised, when 
light present on window 19 is provided by ambient light, and an active mode, where 
illumination source 38 is activated by an illumination source control 55, and patterns are 

25 illuminated on windshield 19 by illumination source 38 and received by imaging array 36 

(Fig. 6). Preferably, illumination source control 55 activates illumination source 38 when the 
illumination level detected by ambient light logic function 54 is below a threshold value of 
approximately 250 lux. More preferably, the active mode is triggered when the illumination 
level detected is below approximately 150 lux, and most preferably, when the illumination 

30 level detected is below approximately 100 lux. Alternatively, illumination source control 55 
may activate illumination source 38 in response to a signal from a head lamp controller to 
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activate the headlights of the vehicle, or in response to the headlights being otherwise 
activated. 

Most preferably, ambient light logic function 54 is responsive to the output of A/D 
converter 37 to determine ambient conditions from a light level sensed by imaging array 

5 sensor 36. More particularly, present ambient light conditions may be determined by 

summing the signal values received by each pixel within the imaging array sensor. When the 
simi of the values is above a predetermined threshold value, rain sensor system 16' operates in 
its passive mode and edge detection algorithm 44 analyzes the image as discussed above, 
while if the sxmi is below the predetermined threshold value, rain sensor system 16' instead 

10 operates in its active mode where ambient logic function 54 causes illumination soxirce 

control 55 to activate illumination source 38. When in the active mode, illumination source 
38 may be turned on in a pulse mode, so that illumination detector 36 receives several images 
to extract the signal from any noise that may be present. Once the noise has been removed 
from the signal, control fimction 42 determines if the level of precipitation, if any, is above a 

15 predetermined threshold value. If rain is detected, wiper control 21 activates front wipers 22, 
and may also operate rear wiper 26, as necessary. 

Typical raindrops, as received by an imaging array sensor, are shown at 57 in Figs. 5a 
and 5b. Figure 5a shows an image of rain drops 57 on windshield 19 during daytime light 
conditions, when the system 1 6* may be in a passive mode. Fig. 5b shows images of typical 

20 raindrops 57 on window 19 when the system 16' is in an active mode at night lighting 

conditions. When precipitation droplets 57, such as from rain, dew or the like, are present on 
exterior surface 24 of window 19 in area 48 during the daytime, the light received by 
illimiination detector 36 includes dark rings 56, which correspond to the edges of the 
precipitation droplets 57 present on window 19, as best shown in Fig. 5a, Conversely, when 

25 rain sensor 16* is in an active mode at nighttime, the edges of precipitation droplets 57 form 
images of light rings 58 on a dark background 59, as shown in Fig. 5b. The edge detection 
function 44 in control 40' functions to detect and analyze rings 56 and 58 and further 
determines a density of raindrops on area 48 of window 1 9. In both light conditions, the 
same edge detection algorithm may be applied to detect the edges and count the number of 

30 rain drops present on window 1 9, and compare that amount to a predetermined threshold 
value. Once the number of rings 56 and 58 that are detected is above a predetermined 
threshold value, control 40' operates to activate windshield wipers 22, including modulating 
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Vrt|tcr sjTocd a» ll Juticfion i^I niiudwp dwuHly xuijfcd. PrfJl'fublyj, Iht. (lueiihold value Jiiaj' lir. 
cimiijp^ as ihxi level of'^inbjciii Icgjit dia]i{>«<;, as lite driver of a vchtcic becomes mom 
seaiKUi ve to raliidiops: on the \^.iii(f5hjdd 8s jiiuUaiT CiOJ)d>tioi>Si dnrkar. Tlicicfcu^ the 
ul>*i]n(]uil iuay h^vr. » 1n\vr.r thrcshnld i'»liictffiirmg iii(7hMiiiic. (xuttlifiniis tlitm iiuriri|> daytime 

5 COTKlitioiis. The llirc^old vuluc may dtange aii rain scnKor Kysflern 16' is switcdctf bctivcai i(» 
nctiw^ mill imiiKiv^; rrlL>d£S. 

Rjeiemng now Xo yiQ, 7, a flow o^art of ?i wntmof pTnfr.r,s 2.1)0 ofivsin Kiaiwir KyKlcixi 
L6' begins At hy first ^^i Rhiiinj^ fjii iiiibgc^l 0 roudvccl liy mii^j^ing uTTuy seiiKux and 
jr^ctting rJiciiijm}icTt»red^ticxi\jnC&hy (xl^deLcsctiiin functrftn tci zeio220. 'ilicsum oPrhu 

1Q li|^lit. vKiiiuK Htaifpfrd by (lie pbcd imag^rii; array fient^tf tlieii (fctctmincd Hud comjmTXMl Ui a 
rKix^irhold vahie. 230. if it js detennuied at 230 tfiat the sum is gixvitci' fh»ii the lTtreK]H)!d 
valuci, the« the edge dctccrio3i fuiwtlou b KC<ivm<xi 2^(1. Tin? deUwfwl iic« ilwn 
ai)a]yacd at^^^ rr^ dcicmn^incirrliiMiijiTihu' mdAii Ki/i^iifOit^cdj^ei; dde^'lcd h gi^aser fl\ax\ $ 
tJu:esli<)IH \n\uc. TTii i^i dcfiiniiinLd a( 245 (liu( O^i^nuTiibcu' arid/cn sj^eui ^je edges dcTcctod m 

IS grentor Ibari a lhl«sbold \'alu^ COftlcol pjocess 2t>W fuiKtioiis to activate. t*)ii wipcis ut 250. If 
llie edftw detected are less tfiaii tiie tlireslioid value a %'3j)cr «fr' sri^iwil ij? iwni ul 2<i(l. Afta* 
the control sewd?tJK> «ppri3]n]at<? sigusl, tlic system ixsiunw 270 lo its Lciitlal seltiaes and 
liKJUiiics tlie^ sam]iliin.\ jinrjesK 205. 

1 fif i» dclerrriifujd al 230 UiJil (Ub sulci iil tbe li^lf valuc! 5C3)$cd by i«iii«cnj; ivnly 

911 H&TiKor are le«K Cliiui (he tiafifibold values* Ambienl icnsc. logic ftinciioii 54 acliviitcs o^f p>ul5C5 
LllmiitciaCion source ac 2811. Wlicn tlic- iliiunuiatioii snuyuc h pulKcd, (kcc moi'c Unagtx«( mv. 
simulcwcxiuxfy f^kcn ^( 200 by mia^irig army xwu;ur» wbilc lUiee. additioJiaJ bmpps^ aii& 
{;rabbrd hslwccji llic puJiPca oi wlieii tlie jiluiiiuuircoxi sonree is otbci^vist- afTul 300. Tlie 
ciiiitfxil ftjoccfii (Jien laibt/acts the data collcclod diuiii^thc "otf fismcK fiiim llic data 

2i colLeetcd dwing tf>jc *^0Ji'* fiwnqi? Rf -IKI to remove tniy noijw fjoiii Due fiift^ials. GiKC the nf>l}«r 
iiAS beej) icnooxTd: the edge ticCcction fitiictiaii 44 is^ fidi vabd ul 22 aijd (be luuubci' niidAir 
sirQ of the cdj^os^ dcfccicd aix$ o(iiTi])arcd hi a thirKhoJd value 330. 11' i( is detcriuii^cd j&t ^30 
dial iUa fiurnhcr und/or ky/a (if (he ed^oi ure (>reaLer lliaii (bt; llu'efdtolcl VR^UC, the illmiiiniiCkirj 
MOiuioe ii^ cleaclcvaleJ 340 and iigiia! is comin\4atcatci> to ACtiVxtc flu*, svipetis 250 iil an 

30 A|>pjopiiatc. spocd, On tUc otiici baud, if tbc nxuuber of cd^^^3 dcterfcd L» lhi«i ibe 
fhixrdiokJ vuluc^ the illuinniuLuni smuyl'c >» doicti vnted al 35l> and u "Viper oir' iSigi^ial isi 
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communicated at 260. Once either signal is communicated to the wipers, the system 16* 
again returns 270 to its initial settings and resimies the sampling process 20S. 

In an alternate embodiment, a rain sensor system 120 further includes a polarizing 
filter 62. This may allow rain sensor system 120 to discern between rain 57 and fog 66 on 
5 window 1 9, such that control function 42 may activate either wipers 22 or blower 60 when 
necessary, as discussed below. Polarizing filter 62 is positioned along an optic path 64 
between illumination source 38 and illumination detector 36, and may be located between 
illumination source 38 and window 19 or between illumination detector 36 and window 19. 
By including a polarizing filter 62 according to the present invention, illumination detector 36 

10 may be an inexpensive single element photo-sensor or the like, while still enabling rain 
sensor system 120 to detect and discriminate between fog and rain on window 19, thereby 
achieving optimal performance of the system at a potentially lower cost than a multi-element 
imaging array sensor. 

Referring now to Figs. 8a, 8b and 8c, illumination source 38, illumination detector 36 

15 and polarizing filter 62 are shown unattached to any base or bracket for clarity only, and are 
preferably mounted within a rear view mirror bracket or the like, as discussed above. 
Polarizing filter 62 is shown positioned between window 19 and illumination detector 36 and 
substantially reduces light that is oppositely polarized from a pass axis 67 within polarizing 
filter 62. When there is neither precipitation droplets present on exterior surface 24 of 

20 window 19 nor fog particles present on interior surface 28 of window 19, as illustrated in Fig. 
8a, illumination detector 36 does .not directly receive any substantial amount of light emitting 
from illumination source 38. This is due to the angle of window 19 relative illumination 
source 38 and detector 36, as light emitting from source 38 reflects downward from interior 
surface 28 of window 19 or refracts through window 19. However, as precipitation droplets 

25 become present on window 19 or fog particles 66 accumulate on interior surface 28 of 
window 19, light that radiates from illumination source 38 is directed toward illimiination 
detector 36 as it either scatters and reflects due to rain droplets 57 on exterior surface 24 or is 
reemitted by a particle of fog 66 on interior surface 28 of window 19. 

As illustrated m Fig. 8b, polarizing filter 62 substantially reduces light radiating from 

30 fog particle 66 that is received by illumination sensor 36. This is possible due to the fact that 
for most media, light is a transverse electromagnetic field, such that a non-polarized light ray, 
represented by Ime 68, has electromagnetic fields, generally represented by arrows 70, in all 
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directions perpendicular to the direction that the light wave is traveling. Therefore, in order 
for light to propagate in any direction, the electromagnetic field coincident with the light ray 
must oscillate perpendicular to the direction of travel. When incident unpolarized light 68 is 
absorbed by a small enough particle, such as a particle of fog 66 or the like, the electrons of 
5 the particle vibrate in the directions of electromagnetic fields 70 present in the incident 
unpolarized light 68. The intensity of the light radiating from a small particle when 
illuminated by polarized light varies according to the equation: 

-hlncsj ; where ^ ; 

where po is the dipole moment, © is the angular frequency of light, X. is the wavelength of 

10 light, c is the speed of light, eo is the permittivity of free space, r is the distance that the light 
is from the dipole, and 0 is the angle of the radiated light relative to the direction of 
oscillation of the electrons in the particle. For non-polarized light striking a small particle, 
the overall intensity of the light radiated from the particle is a linear superposition of the 
intensities from each electromagnetic field oscillating within the incident light. As the light 

15 is radiated in a dkection perpendicular to the incident ray of light, G is approximately zero 
relative to the electrons oscillating along one of the electromagnetic fields, which results in a 
substantially zero intensity of light in that direction that is supported by that particular 
electromagnetic field. On the other hand, 9 is simultaneously approximately 90 degrees 
relative to the direction of oscillation of electrons oscillating along another of the 

20 electromagnetic fields, which results in the light supported by the second electromagnetic 
field being at its greatest intensity. Therefore, the superposition of these intensities results in 
a light ray 72 re-emitting from a fog particle 66 that is substantially linearly polarized light 
when the emitted light propagates at approximately 90 degrees relative to the direction of the 
incident light, as the other directions of oscillation either were not present in the incident 

25 unpolarized light 68 or otherwise cannot support propagation of the light. However, as the 
size of the particle increases, such as to the size of a rain droplet, the polarization effect goes 
away. Therefore, while light re-emhting from a fog particle is substantially linearly 
polarized, light reflecting and scattering from a precipitation droplet is primarily non- 
polarized. 

30 Preferably, illumination source 38 and illumination detector 36 are oriented relative 

one another at approximately an 80 to 100 degree angle at interior surface 28 of wmdow 19. 
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Most pfcl'crabCy, tWs itnpk'.is ajifxrnxinmldy Oil dc^rowf. Holair/ing Jllter Slaitxy bf. placcH 
bOTwccii ^vhidciw TO m\6 IDiiminuliuii (ItUtxXvr 36 suuh lHa( ilk; pussr axes 67 is pcj'pcnciiculjir lu 
cut clcc5iix)inu«ptflic Lfeld pi^sejjt in (Jje. linear polafxzed iijijrt 72 cjnJttiiig fioin tJiii n»g pmlrcke. 
<i<l Ah sIiowtj in Peg. 8b, for cxiunp}C) v/itli iUamcnstiaa detector 36 !t\v\ mince ^ hdng 

.1 oricnltfd ftiibst&mialty Jiotlsnmully » the poluri7cd H^rfit cmiilfiii^. firmi ici^ parltde 66 toward 
LUumination dctcr-tor '^6 1» suh^raiiritilly vcitictilly i>;i1imv«)d. Jly ortei&(in&fhe pass (i? i>r 
polariZJJig fillci' suhKCimtiully ltori^[iCnlly., (lurre will be substantia j fUtcrlni?; cif fhti 
jioIaf>7i:d li^^lil my 11 bslorfc il is received by iUumtnAtiwi dctoctov V>. ThtiiuRyr^ whcij ibii 
pfirfjclcs 66 are. presait on iiitci-iov SKiufacc 78 of wiudow {% ilhji«iiiwli«Ti JeDictor 36 rcccivos 

in 21 vea y weak SCgCial, SJJU ti) the g>iin I nxcKTd vAtc*r\ tli d-c i !t Kcilhcr rd jjl noj fog pix;scnt 
11 ic wiiidow, tEutiTJiy .siilnKlffiitiiilfiy irdiiciii^, amy ^i^KH^b^lily ol ^LlttflliD^XtLO]) tfctCCCOl 36 
rc^idvii^i^ A fiil5« orraiti duopletfi vsfhen ihene mepftly fog paitWce <i<5 itichctiI on 
intwior jnufJuue ZS Ol" Window 19. 

A^; 5ho\va in Fig. when a ])«iQi3^itfttinii drcj^^ld 57 is pie>9C5nl lui exlwior siutaw 'i4 

fiN at WKidow inddwitiJiipijUiriml ligjir 6fi TufrucDi IhnouRb xS'iJldOVV lU ajitJ wffiaiLs witKlii 
(lie water (fi^pk^K ^T, rcHulLiny, in w Hculterici^ <ir^ii2}il bad: (o\^'a]t! ilUCiloi vurrKCC 2S of 
window V). Tlic light w ren^cted aad scattered in niaiiy dlrcctionji? sucb ihul n Kulisfaiiiial 
flinouni. oriighf niuy hft i^fcved by ilJiiimiiation detector Ui^rchy ^eiiwalmii A rlgLial tb*f 
iTicTO \% raij] present on cxa'rior snivfocx.* ofwjiwlow The KcattejTid 3Jg)it icinains 

polfti'i^CK the Kghf, rk«reSy ulluwin^ li^iL ttiuC >uls iba decrtoniaglictio ficlcU (Kbmvu ^ 
hnri7oiitiil fine 7!^) HubhturilrixUy !>irritka[' (0 tlie ^)a5& axes 67 of pakri?in^ niler fi2 Cu pass* 
C!iuru(h7x}u(i1i. Therefoi'e, IKuininadon dctcccor 36 btill rciwivtM u xCnm^cj sigiiiaJ wiicn thcuD 
uTb preclpilatioft particlec 57 on cxtcricu* siii"fciw24 i>r window 19 Oiixu vv'Jjca there is cifJ>iiT 

25 fog p<ILlliolcs % ])I f I m iTi IcTH ir Kurfajuc 28 < i f wnidu vv 1 9 Of wiicn thci c is nd (1 w Rtj^ tiOf 
irdn ]nix<{iaif mi vvind4iw 19. Aflcj' illurruriulkDn dctei;l<;! 36 receives fhc poSmiyKxi Vi^ii raj' 
pnUri/jfci by ]iolurJzLti|^ lUter 62« contDOl roncllciun Al ^i^m fmicficmn Co mvAyzf^ Lhe &i£tital 
reed v6d and determine, wlictlicr wlpcis 22 and 26 binauJd biv KcfivuLed, ab- dl^^scd Above 
Alternately, polBiiziiig filcwr 62 inay b&movuWy posriluwied in optic path O'l, Xo itllflw 

:w jlluminatlon dctcotor 3(i to reed w «. •H^nnl nlkniuiing Inwj pulzuizisil to «on*j)ofai izcd lij^hl 
by occ^I^^^oll^tl^y p:iKUiiKiiri}!> pukriziii}^ HUw 62 i]) pulli 64. HliSJ allftvvK min .wnnor 
syftlmri ! 2fl to furlht?r dusCWti bslvirtieij wlieii log prej^iia^r, \\^\^\\ iiKin iif j>rese3j(^ when both 
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raiti aa<l fog are iwcsc^M, nnd wlicii iicitlici- rqui nor fog is j)rc£aciU. 'i Jic dcftcrciicc hrtv/cru (lie 
polarized mid iKni-}xikrixtni Jii^nitls reicd ved by iliuiinimtim d£il»:2ti>r '.\6 (h j^ealcT whetL fog 
h ]i]C5Rfnt ini the wmdow, complied to tlie cUnb^nce betwen) (lift sCtoili^ ^i^i^aLs icccivcrf 
vv3ien tuitj iilooc. (s picscLit oji window 1!^. When fog Is detected by contml Hiiv^icvn 4^. the 

l» iiKeJudCy of 5{i|rn»( Is mcuscu ccl to fi3ithcr <lctcnii inc. i f rei ii i k « x>i^tatf. r m cx Icri L>r 
Sllrfacc Si3h!«xnii:iif.ly, cimlml 40' m»y riiTt.hcr ci>mmtuiicjili: wilh hlovwr 60 witliin 
vehicle TK Ui (jpcriittbUjvvw 60 luid clirainiilc the Coy, on flic interior siirliic* ol* WlJlidoW 1 9 
wiic]i (J tliix:&'iui1d vuluc oi'ib^ It; dcl(x;(trd^ while alno atCivuliii^ xvipex^' 22 if ncccssaiy . Whuii 
vMMtk 5]'i;TJub are received botii v/ltcj) the polarizer x& piescxit aud i.7lic» not pmsci>i, ncKhcr 

Ul mill nor Ibg is picjcnt QU ^iildov.' 19. 

iii an AlTclit^trt cinhoHiinciit^ ^thown m Ki^,?. and 1 n» a rtun ncniHiFr Ky.sCi6ni 130 
IlirChCJ UJC-Inc^txH a nccnni] ilUiminiif.ioJi dcfoclcn- 74 which (JcfcRL's u Hcianid opfic path 76 
lietWccai lUimiLtialioti 38 and secorul de-leclw 74 via window 19, A pofarlT-.in^ filler fi2 
inwy be posidoficd At any Hf>\nX t\ong one OJl* tJ)C. 0<)iCi- of 1\k two npitift paths M mA 76. As 

1 5 dlOWJ) Si) H 0, p:>lju i yiH";^ HI Cbt fi2 may be posi I lonml bclvwen ilhitninalion deteotOl* 7'1 and 
whidow T BceiLLiHt?.prikri;sta(; niter <]2 por>cCici»ed aloiig optic patd 76« illti»]jii:<(ion 
!«iiij7Lc urid Si-econd jlluininatlon detector 74 are piCifeixibJy oiicutcd ix'-Jafivu citks umilhei* at 
HppnwirnateJy an 80 (c 100 degree aiielfi at iiitertarsur&tx>2$ r>f winilcnv 1 9, and mvai 
pfieJerabiy at appi^xiincn^Hy 90 (lcgjw«iiglc. J5]ni\iintiti«ii d^5iuii<jr m-dy (lieii be 

20 positioned !ailiKii<ii1i»i1y i^uljaucnt. liciccku 74, prutbi-ohly vviLli an zirigje A beiwccD dctecfoi?{ 
Vi unt\ 74 bcii-p^ TiiiiLuur/ed Cu Ise «ui L^ose Ui /erti de^reeK 'Jii puE^ible^ SUCJltl)£ft both delrckm: 
ixx>Di vu Kubstanliall^' th6 same light Gig^ial from window 19. When ncithct % uur rain ix 
pressejK on v'siidow ID, as show iii Hg. lOa, neither tivsl iMKmmmihm dtstec^liM* 36 xior second 
illuminatioi) dctcctoi?^ receives strong sagivil dhxxnly fixnn ilhiminalum Kinjytue.38. 

25 fiowow4\ wjiQii luin i« inx«cn( rni window I f)» ptilarizinjg IHIct 62 [ioldiii/tii a Ji^it lay 7N 
frrnn iliijiiiiimliim kj>litx»: 38 ahirigi>plii:puOL 76.^ klilI) (hut ii p:)]m 'ubi\ light lt)y HO, viif^ich is 
TCcd ved by illuinitiaUon detector 74» i;^ liiKuriy puhiri*^ to <ijie directioD only^ Kudi us m (lie 
liorizoiiCal diveotLou shown in Fig. lOu A noii-poixriECd ligltl.i7jy ik mrnuKaneirusly 
rcccivai by fiiiiC LllLLTmnuliuii dcCe&tnr 36. ThcTuluTiCi^ v/heri rmudixips 0r0tll<u:pixcij)it^.icin 

?0 dmplclK lire ptcwcjjl oi) t;?tleriai- iutikcc 24 i>J' window 19, both lllnniliiation dcCcc^toi^ Hfi and 
74 vvjll iw:;elvc a sigiiai as tlic non-poJaiizcd liglit lays 71 aii<I X2 iiic n^flccfcd, mfvttcltrd and 
sea(t«i^l by the droplets pi^.5c>Tit on window 19, swell tlwt a substantial poitinn of ihe 
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s&HHeiv4 liglit i» diluted towai^ botfi ilJiiminaii<m d«Ct?i;ajrs 36 oitd 74 . I^caxiwe. ljg)3t "ly 7S 
is tvf>r pf)l«riyjed wlien iMm>Hc« pikrizirtg Ijller 62, poJwirinj^, ftJtei- 61 itieicJy pofwizc^ Ihe 
jjghf, which still alknvH p<ilziriy.«l lijjiU xay JJU TO be received by illuiiiiiiatioii clciteutof 74. 
Wheii fog pxrliiilcK 66 itlOiie arc i>iict8CiTt on int«ri«r Rurfacc 28 of window 1 9, as 
s »liov«i in i'ig. u piiluiized Itgiit. jiay W fmm fag particle 66 is cmWiud tmly m dirwfiorw 
pwpcprticailar to an cticjdcnt rey of n^i( frimi ri)\jmmat)on kouiw 38. As disctwscd dnjvc* 
the cmimlnticrti of itluiuhjaticii) ilclcLdor 74 rclatlw to illinnmalii>n aonicc 33 i» pnjfttjubiy at 
^pi^iTixiTnately & 90 di:{j^rcc aiiiil* alon^ optio pixti^ Vfi, »ud} ftutl polail?c:d light riij' a<3 is 
tliriaitbd towm i^ iUursiniiitioj) detector 74. 'nicnelbre^ pDlariaii|L filtw 62, with Its pass cixi» 67 
ID cM-iuntod m a cInucLuui iierpttKljciikt' to the cle;;lninjii{^ke(ic ticJd 9>. m jKvlarized light iity 86^ 
fiirtCCiom5 to ««h»lurilui!ly llUcx owl prjiiirizrd li^hl ray 86 SO tl)?A siilwlimtially no slgii«l 3« 
teccivnd hy illMtuiiiiiJioJi detector 74 when Jbg is plcsaiT om nrtwiixr tiurlace ?.K of wirid^jw 1^. 
OnvcTxcly, UlucniiuitiDn dcCecku- 36 sitliulcaiicoiisly receives a nou-fiitcietl li^lil ia>' \iA wlicii 
ff>^^ jji^seixt on vviiid<)w I Liy)i( ray 114 may ulso Hubjitajstjally jiokrized iiilluwihmlioi) 
\s detector 36 aiwi c«neJi«c<l rctattw in illunmialian jjoxucc ai ajipmxiitiatcJy » 00 dtJtji^e 
ALiglo ;il wi ndiDw 1 9« 

T^oKiiuA*. ilhuuiiiBfioii del<5vlaf5 36 aj)rf 74 rcccivii diiTer&iir slgn«lR wlicii log 13 
ITTuscsfil, whcil lialji iif t>«5xejA, W11C4) botb iniTi nntl fo^ art pi'eccnt ami when neither r«iii tioi 
futj cs I>ic5ciif mi wiiiOow 19, coimxil runcLujii 42 may aTir^lyyii flw Kj^piaJs rcccivcc? by both 
2{\ illuiuiiiitrion dclcciciif& 36 '?4 ki dtXejtDiiic if oWicr fog is prcscjil oi\ Utta'an wirfacc or 
[>iccipjlttlk)[i it prcsc^jit ofl Bxiwior surface 7A of whidosv 19 or liotii f(>i'. urid fabC]p1t«ion itrr. 
jirtSBrit. If (he sLgiml netwvcd by jlhutdiiRTioii dcircltir 36 ts approxinmtriy tn^ai to twlue Hic 
fiJBJjaJ iv-ccivcd Iiy swaiijd iJlntnwaflon dcfccitir 74, then Jio&g j!?F«!«siil, as iioji-]io]ari2:vxl 
ligju passes tln^^uj^i yxjlmzaxg fUtoi* rt?. jukJ ix Tcoc'rvcd 1 jj' i([ijamnJit*u)ri detcctoy *K. Cotilf ol 
2?^ laiictiop ^'i then measmvss the mtciisiCy of fUc si^lG to (fctmninc it raici i? prcwwil, ai- raiJ) 
iTy^wt*?* in A ^realer intensity hi the M^-Tiiil recciw^l d\ic. to wsilfmiij- oDigbC frmn mici di^oplcl 
.57. On tlie ol)iP4* haii<i» if a sij^ial iff feccivcd fry ilhimiiinliioM dfctectoi* 74, yeC the stgiwf 
rif4;ei vtjJ by imuDinatltni delcclor 36 is siiliStcntinUy j^ixailcr than twiw ll>e Ki£^tal iwcivtd by 
second UlumiiialiiHi deXectoj 7fl, then wmfml funclion 42 may ct«iolud« lluit foj?. is jTi isHcnt oj) 
30 lutoior :vuiJ'l\l-*i 2K of window 1 0, aitd uuti vate Wo\wr 6U (0 ilcfo^ lh<; iateiiQT Rurl'iicc 28 of 
window 19. tf tbg iif delected, control fliDCtimi rurlliCT rneusiircs oi^d mmpuref; the 
illtwi^iticj* nftiinsiKfialfi CO (fcrr.niilnAif lYjin i« also preweul Oil cxtciioi* siir J'lwe- 24. 
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Illumination detectors 36 and 74 may either be single element photo-sensors or multi-element 
imaging arrays, both of which are capable of receiving the dififerent signals reflecting or 
emitting from objects on window 19. 

Another altemate embodiment of the present invention is shown in Fig. 1 1 , where a 
rain sensor system 140 includes two illumination sources 38 and 94, one illumination detector 
36 and a polarizing filter 62. In this embodiment, polarizing filter 62 may be positioned 
between illumination source 94 and window 19, such that illumination detector 36 receives 
light fix)m a polarized source 94 and an unpolarized source 38. Illumination sources 38 and 

94 are cycled alternately such that illumination detector 36 and control function 42 may 
determine which illumination source 38 or 94 the signal is being received from. The 
orientation of polarized source 94 and illumination detector 36 is preferably within a range of 
approximately 80 to 100 degrees relative one another, and most preferably approximately 90 
degrees relative one another. This embodhnent functions similar to those described above, in 
that when there is neither rain nor fog present on window 1 9, illxmiination detector 36 
receives substantially no signal from both illumination sources 38 and 94. However, when 
small fog particles are present on interior surface 28 of window 19, a polarized beam or ray 
96, having an electromagnetic field 95 in a single direction which is substantially 
perpendicular to light ray 96, passes through linear polarizer 62 and is absorbed and re- 
emitted by the particles. According to the light intensity equation for 1(9) discussed above, 
when linearly polarized light strikes a fog particle, the mtensity of light re-emitted will be 
approximately zero in a direction that is both along the direction of the electromagnetic field 

95 present in the polarized ray of light and perpendicular to the incident ray of light, as the 
angle 6 will be zero in tiiat direction. By positioning illumination detector 36 along a path in 
this direction, illumination detector 36 receives substantially no signal from polarized 
illumination source 94 when fog is present on the ulterior surface 28 of window 19, yet still 
receives a strong signal from unpolarized illumination source 38. On the other hand, if rain 
alone is present on window 19, illumination detector 36 receives a strong signal from 
illxunination source 38 and approximately a one-half signal from illumination source 94. 
Furthermore, if both fog and rain are present on window 19, illumination detector 36 again 
receives a strong signal from illumination source 38, but receives a signal from illumination 
source 94 that is greater than the approximately zero intensity signal received when fog alone 
is present, but less than the approxhnately one-half signal received when rain alone is present 
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011 window 1 9. Co»(rul rutictluii 42 uuiupurc^ (hi*- »i>;Du1<< roouiveil £nnii n\ch ilhiminatJOtv 
Houxui 3 B ai)d 5^4 ro ilc4amUic it fogs raiu, botU io^ m6 mn or iicithcr &g nox* riui) i$ pix»c9it 
Oil wiwiow 3 % »»H wucjqwntflngly :«jrivi!fc or cfcxrtivatc tlic. sppivjjrktc^kwicc. 
illumuiatloii dctcct<ii' *:^(!f of r&in 9t3i!er.iir .^ystCJTi 1 40 is prcfcatibly n» invigiiig sairty xmiior, but 

Sn'll ycf. jij-iijflicT cm>Kidi7iicnt of fhcpixiHui^f iiwcnliim in 8hi>wri ui Fjj*. 12, wlifiiis a 
viaiu HcaiHiir ro'^^Ceju 150 ccicludesr a smgle ilkitniiialioi) iauzw 3B naci two DJwnmiirJon 
ilBtecturs 36 Ofld 102. A potmzJit^ filtc-i'62is positioiwd bct^STCJ) itlnminjttion muvcc 3R uiid 
wiadov; 19* 5iir-htf>m n li^fjit niy 1114 frran illuminmion sniircc tfi istpolarivjcd (nhra^mea 
p&lariard liglit itiy IfKi hcfrn'cixsflLcting iir cniitHng fmni wimhw T9. TldUi df^ecKU'ii 36 and 

HiioCliw, repre,'ienl6d by ofiftle B in Pifi. 12^ and lurtbei' onetited within s rait^c <ir 
approximately XOtf> H10 flogiwH rd.'jtlw]ioJaii7r.rl illihnimrifm Hniji)raj38. l<Awi prei'txaWy. 
illumimtJmi dc^Cnm 3^ mid l<]2 unil illmninuiCiim Houroe .18 un? uijcsutdil at apj)rt>xiinnatoliir 

00 du^rms luktive Diie atiotlier . Polailzing tiJter 62 lus Httle et'fir^ 't <i]i rain Hcmnin- KyKksrn 
150 wbejj ralo is present on window 19 or wliwx neitlier rain iioi fog i» prc»«nl on wititlow 19. 

1 Uwev-ei', when fo£ paitidcs 66 art inxtscnt on hitaiur snifaco ol' window ]% polarizxxi 
|j£jit ray J U<j is ^bsoitcd hy fog partioU^a 6fj ;ind ii? wcmittcti wifli a Tninlttial or subvs(ajiti»lly 
zcio irX(Mi!isity in a diinjclinn piiimlltil <ti rtiu elccmmiu^ncXic lidd (iiaC was pivtscnt. w pofaiiVjcd 
li^^lu niy I Oil. TlterdUre^ by piila[L;u»i> Lbe lli^bl in Ibc ]n»-izDJlt^l dJjCCtion, rL<{ Kiiovvn in Tig. 

1 2, ligliiC in a x^iiutl diiection, or pci'pcjjdccutar io tilc pass axis (i7 nr poknxed 
eleclromagjietic fields is cmitrcd by the sinall pailidic of log 06 wiih u mwuh ujealcf intensity 
tlun the liglit.]3]xii>^t5i)g i^tTKlId Ic^ die dcctmms4^iii:iic lidd. This (esiills in stxond . 
ijlumiliatiou dciwli>v 1 02 ixsccivirj^j^ pohirl/jwi lij^hi I Of? re-urn it£wl j'n;jn a lb& paitJcic^ wliilr- 
llrKi illumhiuCiiiTi dt;Leclnr 36 rccttivcn KubKlivitiLiDy iio .si^ul whm fog is jirL-sciit oivtiir. 
»itjej-jo]- ]>uifLice oJ' vvjjjdoxv If^. ll'tbc; slg^ial j vceived by JlliimiDation ticbaaim 36 ik 
appioxiniAtcty tho Runcct? the sigmil rocci vcd hy second illumiimlicni detecloi: 103* tlKii 
c<iTitn)l function 42 nmy cundudc thai no rHH?.i>:pre>;Bril iiii iiitmw 5urf¥lCC2B of windiw/ 19. 
The ixilcciKily ui" rtw ta^nik are flicxi uiialyzod iiud wirtpiiced lo dcfcmrtinc if mm alone. j« 
fnittiw>( uti wiLid^iw 19. lIoweveA ji'Ciie fcj^iaJ ji?4:4fived by socoJld itJwT^inatim ddjecUrr 102 
is 5ubtCaiatially gi^tcrthan tlic sJioiaJ received b^' jlliiminatioji dcif£:clor3(i^tbe3) I'ogxs 
tiu'cscjit OJ} enter ior suifftcc '^M of %vji)dc>\v 1!J. and i^ooriol fiii>etifk3i 42 nmy mbsdcTKcntly 
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Ol>?i'J!tclhci blower Ui eruuitLalf. (he. usliI finOscj D«mi>mc Ihe iiUmiBilici* of (he Hij;Ttalic 
received tu <^e4aimac. if i^jji is also prcsaxt oa v^'indow 19. 

Rcfcrrini?. ncfw to Fig. 1 tm altmuitc atibodjlilCJil of 8 iiC\x\ 5C»Mr syzirAn 160 is 
dlagfainilicjd. Kjni> scitw RyKfjoin iududcH »r. ie^Htonr ilhnniumjrni sfMntJC nC IcohI one 
S jifuiniiwtinn Kcrixor 36 and a jiokT|y.ini> JllCcr (mil sbuvvn). A oihiCtoI 40* useful with rain 
staisor syflfcan 1 6(1 iiidudes an aDibiejii Iff^ln loftjc Rjrioiion 54 trt defermine. tlie jjiteiisity of 
ttmhietil I3i*jj( and switch win sensor system 160 bettwe^Ji actiw aid passive mortcA^ hs 
diKcwscd above. Most pix'/w^hly. oiixfcviciit foeic function 54 ic^paods to the nut]mt of A/T) 
cottvwicr 37 todcrcinimiiainWciii Lfnwfidnnsasf i^iwcH l>y lc»«rtor«j«f the in mjpnft Array 

10 tiMisors mf\ fimbu u»iiTimTiicaCc» wirh illuinimiticin sKinroc cinilrxil 55 i f arribiecU fig))! Is 
brJfTiv a lliTTCKlifild vahie. lUuttiLtiatKm smKt caninA 55 activates at least oiic of tho 
nimninufioj^ fiourc«s 38 so that Jigjht msj' lie lewjved by iiiMLginj* atta^' swuwitj Thii 
polftfizUlfe flJtw* IS iMrHitjim£:<J uloiip «l. kvsK? oni: fv^nin i>atli lif.t.vvcai ilu*. iilimnnziliim Jiuurwss 
aj)d the i lhiiiiiii«tir>ii smiwirif wi us (o Hlfa* or pr^lmyc 1i|7,>it )i:^IUtx> il in recei vt>d by aC least ono 

1 5 nf tJ>ii scjnflDDi, Kiirirlar to the enilicditKefilsr iSistcufified above. Edge deicctlou t«a«kin 44 Uwwi 
unulyvxifif tlje sd&iiaL or sigLwis rcccivccJ by the SJiimuitatioii sensor «• w?nHor.K to detcniiiue if 
theie is rain aloiii:^ ftjj? alonis, hnlli raj« and PtJ^, or ncifkor ran nur pctfacjil on xVilldOT' 1 y. 
If rain i? il^fcded, cdj^e delBiiioii J*u«i:Cr<iri 44 disteniijjiex iJ' llie aiiioiitil ot'l^iii is- aboi'c u 
lliiVBhwltl viilue, while. iribfeL is delected, lUc cujilitil 40" I'urthcr siufyzcs the jjigiiialx Id 

:tti tlefBrrmi^e jfto level of tbgi is above a Ihresho-ld value.. Acxwjdiiifeily, citkw wiprrit 22, 
hXii'Ma 60 tir both aiv: activated by controJ W\ il'ncccisaiy. 

While, scvaxii AltcJn^ac cinlicKtiincnte Itavc bccji <kH>icCi;d and dcKucLbed above, cicfirfy 
rlw. present iiivcndon muy include uihi^r vnrMiuw whcTe their, yrc i»je 01 (wo ilUuiuoatuiii 
St^WWS >uwl delocUjrK^ wilh al leusl <;jie pjjlurjVirsj- llller jioKitiuiLcd aloilg^ af) optic l>xfh 

?^ defi ned by n jje ol' Ihe tSlntn iiiaUoJi delector^ asid owe of the illukiulnation soiJitt* via windn w 
19, wifluful allectfitg Uic scope cifthc present m>fciirioji, PolariziHg fiftei 62 mi\y he 
pOSf!ioilcd bctvTOCn sn ilhmiiiiaficni sniiyce and window 1 };) fir bciweeii an illunlioaCion 
(lutc*et*3r and windnw J % mid may uricnled kuuIi lhal i(» piwH axw 67 aJIows UjJCai ly 
jit>liiri/<>d ligJiC Co paaa Ibewltu^Ciil&li iu i>iidi ii luajjiyii uk ^ju idlow tlXC lOin ijcnKxn* sy«ltr*7^ Co 

'^0 (Xiticmi bct^wj) tiiipoJariTcd light bcii)g fjcattciocl fiom jaia drops 40 wi exlwiur surtace- 24 of 
Tvindow 1 y and liiiifarly jwlari^sed Hxhl bwng: cniiftol fmin a particle tif 66 on imauor SlirfcVM^ 
^ S of window 19. Mobl preferably, in ordei* In opUmize Ibe niiu sensor system so ^is TO test 
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determine when fog is present on interior surface 28 of window 19, at least one-set of 
illumination sources and sensors is preferably oriented such that the optical path to the 
corresponding sensor or source is at approximately a 90 degree angle between the source and 
sensor at the interior surface 28 of window 19- This orientation best allows the system to 

5 determine when small particles of fog are present, while not inadvertently concluding that fog 
is present when rain is actually present on exterior surface 24. 

The concepts of the present invention may be used in association with rain sensor 
interior mirror assemblies wherein a rain sensor functionality is provided in association with 
an interior rearview mirror assembly. Such association includes utilizing an element of the 

10 rearview mirror assembly (such as a plastic housing attached, for example, to the mirror 
channel mount that conventionally attaches the mirror assembly to a windshield button slug) 
to cover a windshield-contacting rain sensor. The rearview mirror assembly can include a 
display function (or multiple display functions). 

These displays may perform a single display function or multiple display functions 

IS such as providing indication of an additional vehicle function, such as a compass mirror 

display function, a temperature display functions, status of inflation of tires display function, 
a passenger air bag disable display function, an automatic rain sensor operation display 
function, telephone dial information display function, highway status information display 
function, blind spot indicator display function, or the like, such display may be an alpha- 

20 numerical display or a multi-pixel display, and may be fixed or scrolling. Such an automatic 
rain sensor operation display function may include a display function related to a both a 
windshield-contacting and a non-windshield-contacting rain sensor, including, for example, 
where the circuitry to control the rain sensor, electrochromic dimming of a variable 
reflectance electrochromic mirror, and any other mirror-mounted electronic feature are 

25 commonly housed in or on a rearview mirror assembly and wholly or partially share 

components on a common circuit board. The blind spot detection display or the automatic 
rain sensor operation display may alternate with other display functions by a display toggle 
which may be manually operated, time-shared, voice-actuated, or under the control of some 
other sensed function, such as a change in direction of the vehicle or the like, should a rain 

30 sensor control be associated with, incorporated in, or coupled to the interior rearview mirror 
assembly, the rain sensor circuitry, in addition to providing automatic or semi-automatic 
control over operation of the windshield wipers (on the front and/or rear windshield of the 
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vcJlUiic), ca» POiitiTil the tkfojjj^ci- fuiiL-tinn to dcfog con<iQii.<3crf v?i]ior mi an miwr unbin 
sucfiico of A vcliidb i;lir/.iriR CKuiij jw ihc insidi: Rurfacc of flw. front sviTiiI«>iiclil, such as by 
opcaathiij n Wawei (kij, lieatej- AmcCkjri, air ciKicfitii>rriTi|t ruricliuri:. oi llie ILUeX Oi* Clic isii) 
SW)Si>r witiItoI l^j cJotts a fiutifoor lu- aijy ofbet irtu vuble gjirii/ig idjould i^ita coiiditioiw bsj 
s dcleiited. As Slated abow> jt juwy k advaiitasco\is tor TIk lajji wj)sor wnfit^ (wr any ofhw 
Tc^Jture siidi as r jicati-Ump wmfiollgr, a rcmctc Jccylcs? cpjdy iccdiAca-, a celhiiur plioiie 
i«d«dh^ itHMiucriij>lionB,ttilii;ila) viriuc rDcaril«!i-, a video c«ciicru for u video photic, atiixi 
inc4«l'<iTidAirCaM tuelei- display, a veJiidc KlaCuK jjjdiLiOtn imd lbe]ik<| To slwux? coiTi]ioiieii£» 
and ciruu5u> w-itli tlw clccttrodiiomic minvii tUiictiou f<)J3(JOl wraiitiy wid clwiiorhwituc 

r I) niiTAJi cifse^MbJy itsQif. AhOy a cow^wiicnt WTiy to luoxiJiC ^ iw-whi£l«Iiicld<wjlracling.«iia 
scasoi CTch IK described licwiu by altudiincjit, xucli as by Kuitp-oji attAchltlcnt, AS s inodulii 
ifl the niimir diiiimd ieiduji^ such as Lb- deiiijiibsd in US pi\(eii( S.576.<37J? cntitJnri "Miirm- 
Support Dnickct/' jjivcntcrf by K. ElooJ; ct al. mid issued November l tOOf>, llic dij^dosmv^ 
of wliidi iif hcTQiyy incorpomtcri by rcfcrciKC ficrcm. 11ic mbvrn- mount imd/w w'in^lslilcW 

15 button my oiTfioiially br. Hpedally iidajitod t« aowmmwdirfe a citiii-windsilicld-moiinfnii} i Jun 
iCi)sor JDodiila Sudi in«mjtiiij? m a modulir. w readily srmwable aod attacbnblr* tic\ u wide 
vjjiiciy of inferior mirtor assc^ttblies (bcjtb elACifodMUftMc and non-dccrjodironiic aidd) as 
p iRTiiatic, iiiiWiuaDy arffu&tcd !«jrior Asscmbljcs), aiid can bcJp niiswrc »i-ri>r<ipriixte alignmexrt 
or the noti-windsliicfd-tiiou>Tt«i vmifty of unn smsin- tn ihc vdiide windshieJd itisofax Ch»t 

20 The wodiiJc attadicd fci tbc minor iimunl mtiuiiw fixed whcrras rtie. lUtt'JOf Itsnff (which 

tyiiicully aLlaches to the. tiurror djaimie) simuril viaa««nle.OJ'doilb]c.ba1l ji«'iil)i.4 movabiB wu 
lliul Che. driver CAfi adjust iis Held of view. Also, dioultl smoirx; fivm dpnxsftcK and Hift ILUe be 
a potential joiurc of intcxfcrcJi^x^ tr^ the opcmtlon of the nn»-wmd«hid£l-i:i>ntoctjj}g,rain 
K?iwr, th«i f\ inim)iHiiJ>ichcd liousinp lie uaoti fxi shrfMJt} fhe-rairi 5e«;»j unit and fiWd il 

5.^ fi-inn sniokti (and olbcr dchrjs). Opiiorially, huuh ahility to detect presetieo of ci|^KVctJCc wriokc 
can be. vitftd (o ejiibrce a im-sjiiokma «i ^^ude^^., siidi as Ir commonly itqacsled by 
itJlMca«- ftcct operators. A Iso, when n min jscjisoi' (contaoting m* mm-amCaclifiji) is 
jiWivnTftthr,\vipi;i nii the rem whuknv (vcnr l>srJcllghtl of The vdiide, IbcNCriMf can bc 
cimvcnicnfly iiuckagaJ mimnind svilh tbc t"'<HM<n. {ccnlcr hi^i mounted stop ligjjt) Hffyp 

10 ligbt a^jftcrribly cofsnnonly inoiitited on Oie rear wndow ^ikfij; or dofie to it. Mounting, of Ibc 
lain saiaor with tfie CliMSL stopKght can be a^stlieticaUy appealinyi aiid dlowKbarioj; of 
ct«ii]i«i^mTs\vf r\Tig/onci«iti y. 
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The concepts of this present invention can be used with interior rearview mirrors 
equipped with a variety of features such as a high/low (or daylight running beam/low) 
headlamp controller, a hands-free phone attachment, a video camera for internal cabin 
surveillance and/or video telephone function, seat occupancy detection, map reading lights, 

S compass/temperature display, taxi meter display, fuel level and other vehicle status display, a 
trip computer, an intrusion detector and the like. Again, such features can share components 
and circuitry with the electrochromic mirror circuitry and assembly so that provision of these 
extra features is economical. 

Placement of a video camera either at, within, or on the interior rearview mirror 

10 assembly (including within or on a module attached to a mirror structure such as the mount 
that attaches to the windshield button) has numerous advantages. For example, the mirror is 
centrally and high mounted and the camera can be unobtrusively moxmted. 

Therefore, a rain sensor is disclosed herein that provides an accurate method of 
detecting rain on a vehicle window by actually capturing an image of an area on the window 

15 and further determining when the amount of precipitation present on the window reaches a 
predetermined threshold value before activating the wiper system of the vehicle. The rain 
sensor may further detect both fog and rain on the vraidow, and is able to discriminate 
therebetween. The rain sensor of the present invention is also decoupled from the window to 
avoid replacement concerns and the like that are present with many of the rain sensors in use 

20 today. Furthermore, the rain sensor of the present invention provides optimal performance by 
detecting both fog and rain on the window, while providing a system that may implement 
standard, low cost single element photo-sensors and photodiodes or the like. 

Changes and modifications in his specifically described embodiments can be carried 
out without departing from the principles of the invention, which is intended to be limited 

25 only by the scope of the appended claims, as interpreted according to the principles of patent 
law. 
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Hie embodiments of the invention in which an exclusive property right or privilege is 
claimed are defined as followed: 

1 . A vehicular rain sensor which senses at least one of rain and fog on a vehicle window, 
said vehicular sensor comprising: 

an imaging array sensor directed at the vehicle window fi-om inside the vehicle; and 
a control which responds to an output of said imaging array sensor in order to indicate 
5 precipitation on a surface of the window. 

2. The vehicular sensor in claim 1 , wherein said surface of the window is an exterior 
surface exposed to weather conditions and the precipitation indicated is rain. 

3. The vehicular sensor in claim 1 , wherein said surface of the window is an interior 
cabin surface and the precipitation indicated is fog. 

4. The vehicular sensor in claim 1 , wherein said control comprising a computer 
programmed with an edge detection algorithm. 

5. The vehicular sensor in claim 4, wherein said edge detection algorithm detects edges 
of particles of precipitation on the window, said control responding when a threshold amount 
of said particles is detected by said edge detection algorithm. 

6. The vehicular sensor in claim 5, wherein said edge detection algorithm analyzes a 
quantity of edges present on the window. 

7. The vehicular sensor in claim 6, wherein said edge detection algorithm further 
analyzes a size of the edges present on the window. 

8. The vehicular sensor in claim 5, wherein the vehicle has a windshield wiper, said 
control controlling said windshield wiper when said threshold amount is detected. 
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9. The vehicular sensor in claim 8, wherein the control varies a rate at which the 
windshield wiper is wiped according to a level of edges detected by said edge detection 
algorithm. 

1 0. The vehicular sensor in claim 1 further mcluding a polarizing filter between the 
window and said imaging array sensor. 

1 1 . The vehicular sensor in claim 1 including an optic between said imaging array sensor 
and the window, said optic establishing a small depth of field, thereby focusing on an area at 
or inmiediately adjacent to the vehicle window. 

1 2. The vehicular sensor in claim 1 1 , wherein said imaging array sensor and said optic are 
oriented relative the window according to the Scheimpflug condition, 

13. The vehicular sensor in claim 1 includmg an illumination device for illuminating the 
window. 

14. The vehicular sensor in claim 13, wherein said illumination device provides 
illumination having an illumination wavelength approximately that of an infrared 
wavelength. 

15. The vehicular sensor in claun 13, wherem said illumination device provides 
illumination having an illumination wavelength approximately within a range between 820 
and 880 nanometers. 

1 6. The vehicular sensor in claim 13 further including an illumination device control for 
at least occasionally activating said illumination device. 

17. The vehicular sensor in claim 16, wherein said illumination device is pulsed on and 
off by said illumination device control. 
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18. The vehicular sensor in claim 1 7, wherein during low light conditions, said 
illumination sensor is exposed to the vehicle window when said illumination device is pulsed 
on and not exposed to the window when said illumination device is pulsed off. 

1 9. The vehicular sensor in claim 1 6, wherein said illumination device control operates 
said illumination device during low light conditions. 

20. The vehicular sensor in claim 19, wherein said illumination device control senses 
ambient light and operates said illumination device in low ambient light conditions. 

21. The vehicular sensor in claim 19, wherein said imaging array sensor includes an array 
of imaging pixels, said illumination device control determines a level of ambient light by 
monitoring light received by said pixels on said imaging array, said illumination device 
control switching to said active mode when light received by said pixels is below a 

5 predetermined threshold value. 

22. The vehicular sensor in claim 20, wherein said control comprising a computer 
programmed with an edge detection algorithm, said control responding to control a 
windshield wiper on the vehicle when a threshold level of particles of precipitation on the 
window is detected. 

23. The vehicular sensor in claim 22, wherein said threshold level varies according to a 
level of ambient light present on the window. 

24. The vehicular sensor in claim 20, wherein said illumination device control operates 
said illumination device when the ambient light conditions are below approximately 250 lux. 

25. The vehicular sensor in claim 20, wherein said illumination device control operates 
said illumination device when the ambient light conditions are below approximately 150 lux. 

26. The vehicular sensor in claim 20, wherein said illumination device control operates 
said illumination device when the ambient light conditions are below approximately 100 lux. 



-25- 



WO09923828Al.tif Page 28 



Page 2 of 3 



\Y0 9i>/»KZ8 



27. TIlC VcW«)fflr sensor in ckiiii JO, w'licicin sRirf lUurwuatioD (fcr\'icc conriYj c»i^eia(i» 
SBid lllmninatkm device in reNpynws Ui when u vehiclB's ))eiuL[iun|)!i in^ axilivuled. 

28. Uie. vehicular saisoi- iu claim 1 3 1 Jicliidjjife a pokrizji>B filter ^\o^^g a]i optrc jifJtJi 
beKw*!ll said jf)wmjiwtloii tfcs^'iDr anrf said tmn|rmg an'*y ucnsor. 

29 . Hie ve5}jiciikr swificur ifi dami 28^ viiieiein said pylarLzLiift IjlCtr oficjKcd to filtftr i>iJi 
light siKnaU KidtaUii^ from f(sg paxfidcs cm mterior sur&cc of the wiidaw. 

30. Hie wJiicuki- censor in cUfm ] . wlicivitn said nuaging cnwj pernor i» h CVTOR Ncrwof. 

31. 1 whiculttT Hcij»t^r in clninj J , wht-ccin (he wiijdi»w is a vcliicJft wifldshieid and the; 
veil! clc iiicludcxs ft wiiidsdiidd wiper aiidi a tear window wipw, ^s-licpcLn sairf cauHor llwr. 
r«ir windov? v?i|>ri' to cycle fbr wi;? N oypJrR of tfiD vvimWiicld wiper, vi^jejuio N is grcaft?»- 
ilumanc. 

?*7.. The vchiuilur jwritiivr jji claim 3 1 , whefejji the v^kluc of N varies n funclbii 
spued i^f the windsliield wiper, 

Thii vehicular Mmsor in I , wlieitsiri Kuid lonlmi oo«ipfcaiii|i a micm-ixmipulei 
havini/; nnc of an errihcdded ocmllift) appliealrwi, a CtlStom digjlal iojjo cjrcuif and a djfiilal 
.signal pivicesjxjx cjiaiil. 



:i4. lite vehiculai saiisor in oJaiiii 33, whci cin scml w«tt ol is iiflupCubJc U) ht pu^ittoucd 
S\ib5t<li]tialfy adjacent a irar view mintir htwiidn^^ 
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35. A vehicular rain sensor which senses at least one of rain and fog on a vehicle window, 
comprising: 

at least one illumination source and at least one illumination sensor defining at least 
one optical path from said at least one illumination source to the window and from the 
5 window to said at least one illumination sensor; 

a polarizing filter at least occasionally in said at least one optical path in a manner that 
polarized light from the window is more attenuated than is nonpolarized light from the 
window; and 

a control which responds to an electrical characteristic of said at least one illumination 
10 sensor in order to indicate precipitation on an exterior surface of the window independent of 
moisture on an interior surface of the window, 

36. The rain sensor in claim 35, wherein said polarizing filter is at least occasionally not 
in said at least one optical path and wherein said control responds to an electrical 
characteristic of said at least one illumination sensor in order to indicate moisture on an 
interior surface of the window by comparing a signal from said at least one illumination 
sensor when said polarizing filter is not in said at least one optical path to a signal from said 
at least one illumination sensor when said polarizing filter is in said at least one optical path. 

37. The rain sensor in claim 35, wherein said polarizing filter is at least occasionally in 
said at least one optical path between said at least one illumination source and the window. 

38. The rain sensor in claim 35, wherein said polarizing filter is occasionally in said at 
least one optical path between the window and said at least one illumination sensor. 

39. The rain sensor in claim 35, wherein said at least one illumination source and said at 
least one illumination sensor are oriented at a range of approximately 80 to 100 degrees with 
respect to each other along said at least one optical path. 

40. The rain sensor in claim 35, wherein said at least one illumination source and said at 
least one illumination sensor are oriented at approximately 90 degrees with respect to each 
other along said at least one optical path. 
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41. Tlie. taiti swisor iit claim 3 5 , wlKATjiix said at Jcast one i I fiuninittitm aoiscw w ati 
hitej^jnUdg sensor. 

42, llic seiwiCM- ill cluim 35» v/liensiii said af IcsikC ime iUutiittialiari sensor is an 

4 ;i. The raiji swisor in claim 42, wlKicLn said coim"ol is u computer wlncli progyajwnorl 
wjlli ati ed&c dciccTio-tt aJgoYithiin tci defect odjjcs of puDipituliwi pttriicJes. 

44. Mlic mill sc««ir in cJaiui 42, wlitrrtiu kuLJ Al leasl one llJumHiofion 5!cai?aii' iji a CMOS 

45, Ii)C r^in scii<tf»r in claim 35» wlicreiii llic vchidb iudHiiCfc a WiluJaflioW wipci w^il a 
war wiiiilflw vv-iper, wliec eits £;ald <xn«Joi caiiscs the rear wmdoxv wiixsr Ui cyiile fof every N 
cycles of tlic. xviiidsliield wjpcj, whwcin N Is fei-catcr tJiai) l . 

AC\ . Ttie rali\ sensor \r> cfdiiii 4.'>, wkiicin tlic value oPN varies Of; a function <jf llict «p»Bd 
ol'tlK. windsfaSd^l wIpiT. 

47. Tli& rain fiwisor in cMm 35 inclndliig ru lllmulnatloJi vxM\iYi>\ whidi iiitfaitures a l^rf 
of iWHbieijt ILftJil lliat xfc ^tcscJXt on t))c winxHow m6 sw-ilolies khicJ ijiin Kwjfior from an ac.Tivi> 
itlode> wliCK. said iUniDineitir>n srniiw is rm (nu[ lyitwulca ligliC (x) ftie vvmdoWs to a passive 
mwlc, wiiciv:.sii?d iJUnnln>itlon source i»t)ff mid ainWeiif Ug}il jinwdes iJliimiiKitixJiJi U) «iwd 
5 llhiniinjitiojT acfi^Av, Kiiiil illurijiiiution cmilml heiiift in AaSd passive mod«? wKwi said anilueiit 
lij^Jil level ^wUcr lb\u 0 pfedetejtniijed ttii^^hold value. 

4fi The t»in seiwfir in cluir/i 35, wliereiii su'xJ pcilari/Jn^-, ffltea is flxc^ JjJonj^ ?JHid opIii:al 
imllu xmd prtli3riy.ii!^ iil Jcr beiiift nr'renled Ui filter out n pluinlity of UluiniiiMli"ii Hi^nal« 
railiulirift rriiiii foft fiarlrcles oji an jjiteiior 5iir&ce of tlie. window. 
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49. A vehicular sensor for detecting rain or fog on a vehicle window comprising: 
at least one illumination source; 

at least one illumination sensor; 

said at least one illumination source and said illumination sensor defining at least one 
5 optic path therebetween, said at least one optic path defined between said at least one 
illumination source and the vehicle window, and further between the vehicle window and 
said at least one illiunination sensor; 

a polarizing filter positioned along said at least one optic path; and 
a control, wherein said control responds to an output of said at least one illumination 
10 sensor in order to indicate at least one of precipitation on an exterior surface of the window 
and fog on an interior surface of the window, 

50. The vehicular sensor of claim 49, wherein said at least one illummation sensor is an 
imaging array sensor. 

5 1 . The vehicular sensor of claim 50, wherein said control comprising a computer 
programmed with an edge detection algorithm. 

52. The vehicular sensor of claim 49, wherein said control functions to control a 
windshield wiper control if said at least one illumination sensor detects a precipitation level 
on said exterior surface of the window. 

53. The vehicular sensor of claim 49, wherein said control fimctions to control a blower 
control if said at least one illumination sensor senses a fog level on said interior surface of the 
window. 

54. The vehicular sensor of claim 53, wherein said control further functions to control a 
windshield wiper control if said at least one illumination sensor detects a precipitation level 
on said exterior surface of the window. 

55. The vehicular sensor of claim 49, wherein said at least one illumination sensor is a 
single element integrating sensor. 
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56. The vehicular sensor of claim 49, further including an illumination control whereby 
said illmnination control determines a level of ambient light in the vicinity of the vehicle and 
deactivates said at least one illumination source when said level of ambient light is above a 
predetermined threshold value. 

57. The vehicular sensor of claim 49, wherein said at least one illumination source 
comprises at least two illumination sources, said polarizing filter being positioned between 
one of said illimiination sources and the vehicle window defining a polarized beam having a 
polarized optic path between said one of said illumination sources and said at least one 

5 illumination sensor, other of said illumination sources defining a non-polarized beam having 
a non-polarized optic path between said other of said illumination sources and said at least 
one illmnination sensor. 

58. The vehicular sensor of claim 57, wherein said one of said illumination sources and 
said one of said at least one illmnination sensor being oriented within a range of 
approximately 80 to 100 degrees relative one another along said polarized optic path. 

59. The vehicular sensor of claim 57, wherein said one of said illumination sources and 
said one of said at least one illumination sensor being oriented at approximately 90 degrees 
relative one another along said polarized optic path. 

60. The vehicular sensor of claim 57, wherein said control compares a signal received 
firom said one of said illumination sources to a signal received fi:om said other of said 
illimiination sources to determine if at least one of fog and rain is present on the window. 

61 . The vehicular sensor of claim 60, wherein said control activates a blower in the 
vehicle if fog is detected and activates a windshield wiper on a windshield of the vehicle if 
rain is detected. 

62. The vehicular sensor of claim 49, wherein said at least one illumination sensor 
comprises at least two illumination sensors. 
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63. Ilic \'Qliiciilnr sciisttr of claim (i2, vvlwaeJn said poliiuiwjig fiUw is pjifUiOii043 bctwcrdl 
one of Sf»«l niuYniniiliiJdi swiKor* iind ftjif. veliicic v/hidow, jiai J one MfSftid KJisaw fltlrf S<nH m. 
JccwCPitc illuniiimlioti source dtJminj^ a piilamcd uplicpalhaiidl ftlC Other of raW ifliMTni«aliini 
!««?toi-s uwd siiid at Icflsl oiic. fllumiflatioj) wiifcc. dcficiUin a xwji-poUriTcd opiiRpnflv 

64. Tiic veil i aiUir jwiisot o P ckim £ii, \v hci dii said one l^f siiid llhiciiijiation &eii50l5 Oi^H 
said aC Jcaki one lllunninttliodi s<mix;ts arc orieiitotl witliiii a rauv^c uf ilpproxiDUltcly Rl> TOO 
dcgyucR rcliili ve cot. ituOlLBr ali^iijt Sftid polarized opC Jc palh. 

65. TlK vchsoulm* sensor of dfjlm r>^» whciriii sxid fine of «md illuiuinziUwi setisors aild 
«ai<1 at Icnjtf micjillitiumnLion wnirciMiTii fwicnlcd isppntxiniAlely degrees idativiJ OU^* 
unolli{n'alui[ii> said pohL'ized opJic ixitli, 

66. The wJlicill8i* 5Cii:*nv f\f ciwin fi3> wheivin sHid ctnilrtil corripftfefi a Sfgnal rccwvcd by 
OIK. of jwd ilfuininarion scnsura fx> n iccidvcd by Mud otlie* of said jJlujmWitw* 

scnwrji tfr dc'tcfliniiic ir ill 1cu»l mie of Jiig und rain ifi plTMetlt OJ) the Wlldovv. 

(\7. The vel«c\ilai' seiisoi' of claLin OO* wlieiciu Kud at to^ twti illiimiiwCjoo s«ji90i^ ^^rc 
iftiagjng arw>' seiisorji, onrf said tKwrrol rRjirogirmimcd willi uu alftodrioctioft AlgoritFim fo 
<ICtCCt prcdpitxtinn i»vlidc«. 

6R. Tlnjvtthitulur seiif^J' of claim 66, whei^ti sairt control cmmh « wind«liidd wlpcjoia 
i]t6 vftlilcle ifi i^poiise to detection of prccipitation iwiticlc*? on die wiudtuv. 

i\9 . Tl lo viihicukr hot iK>r { i f ckiio 6(v wlicr d ii ad d a«ilri>l COI Jtfois a bJowa* in tlie 
wliicltt in jttiiftuuiici Ui dttlecUoftof lofeoti ati iiilefiw surlacc ol'tJiQ wiini^iv/. 

70. Hjc wiiiciilai scnsiin of claim <iP. vvKcii^n ifwd wnilixi5 LurilmLs h windsdticld wipCT on 
tJio vcll3c-lrati )V«poni«> Ui dcfcctiim orinudiiilKfioiiiiinticluKon Ihc window. 
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71 . The vclnculttT hcjjsck «f clttiin i\2^ wltcrdii snud polariziixgL filtcf is positioned bct^wi 
said al LcukI mifc il5\ii»HKi(ioii JWiitceaittl Lhe. vdiidc iviiidow, 

72. I'hc wJ"« 1 1 »r Kcinwr of <'.Ui m 7 1 , wliacJ Ji cn\& of sxiiil iliiici jiiJiiCkm jseiisaM and raW at 
feast onn ilhjminatirni srMJirci cliifimi & fn?<r oi?tfc path and ttv. otJicr of said illiinunatjon 
$X9i.w!^ HJul said at i{su»t tinu illuTiiiiKilinii sKniitr. define a SCC^^nd optic jKit[l. 

73. Hie. vtilllculaf JCdiSOf of clatni 72> wljwdxi said (um of said illuiiiiiialKm JiBuwre atu] 
{^-atd al least one ifliiminati on source arc 0JlcJi1e«cl wiftiin a ranfic oJ* approxuiuiteli' to 100 
dcgL>xs irXatJvc tn <mci «iioriw ftlniig said fusi optic palh, jsiid polacxjcJiis fiKcx otficiitcd wJtfii p 

avw siihirtfniliiitly pcqTcndiciilur fjti » segment ofsdild firsf optic. path that 15 bnT-wnr/i the 
S vehicle vviiuLiiw and KDid lUic Of Kaid illmiiiiiafHiii <{i:ai.<inrR. 

74. Tjic vchlwilav sciiswirof daiiti 77.» wIkkJj) said OttC ofsald miuulMtLaiiscDS«":jand 
5tiud aL Icttrt o?jb Ell uifli naif OJi s^Qixive cirburicnlDd «iipr«xim«iDly 00 degrees* lulaCivii Co o»b 
anoChcraldiQt Jarid lHr>1 optic \^X}\ sard poluri/iTif, lillci- rn-imfcd with apuK»axiK)!ub«tontiaUy 
IieipaidccMlai- ro a seginejit of caid first optic path rtmf ik heiweeis the \?ehicle window aiul 
5a1d one of said ilJiiini]iatic]i sritsoi^. 

ly 'I hc vcSiiiajiHT hwirw of lilaim whw^tin ssirf othw nf srdd illimiimjficin «cnKi>7« and 
Kaid al leu;.! unc illtxfniciatiini soaix^ aii& oriented uppioxiiiiiifoly OfV dti]p/e«.s rdiiCi ve Iti oiie 
another along said second optic path, said polari/.uii' filCiiT imented with sard pass axis 
siibstantiady p^iislld to a segment of said second opllc path [))at Is hfttweciithe. vclnoic 
window and said otJica of said illmniiiatioii seiisoi?!. 

76. Tlic vcJritular HtsriHtir oJclDire 75» whcidii sfdd other nf said illijmiiialiim xiaiwirH and 
sa]d oa<c ol'satd iULitiuiuttion sensor ate puMti^med Kuch ihat suid TtrnL 4iT;Cic pulli liel\ve«jx saiit 
one of Kttd ilfimiuwtion wnsois (aid the wJiicie wifldfiw and sard second optic path between 
Maid othiir oJ'/taid IllaTiiinaliiHi i^Mttyin &nd tiic vdiicle window arc gaiciaUy papcudiwilai-. 
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77, The \'cHiatl rchjwv of cinnn 76', whcicln Rwd c'>ntm I compares a f%i giml rccci votl by 
Wid one of 5<ikI iMumiimliini sciwinTi Co signal recdved by Miid nllicj of said illuniiaaliOJl 
scaisrTO to detoriiiiie if tticre is rain ur fou pri'iSBia orj tlw vtiiide. window. 

7S. Ihcvcfux^iSoi smsO'rof olaini 77, vvbci^Jn said contml cnntrr^k fi v/m<lsliidd v/ipsroii 
dir. VChioIr* in irspfiiiHC m cUvrcliiwi of pnccipitatinn jwrliulcs ]i!cs«nl <in vxTTidow. 

79. T}jc veiMCiilAf swiiOf olcJaitti 78, ^^'lJCfcill sai<l Oific of sjurf ilUmnrwrfion scnsrn?* imd 
Kiiid other of said iKiuuUuitioa swiws aic Hnagjng *fJ'Ay 5™i50i:5> and skuI oniiln)! w 
. pixiBraramcd with «ii cdgf; ricsrrcrfiaii rjl|rnntliiii. 

KCl. Tlui vcliioiiljiT Hciiwin^rduim 78^ wlicT&in Jiuid airifrrtl C^Mf\>lf> A Wowei' ill tllC 
vchidu ji I reypojijpe lb deiectioti of fo^ p jeseiit o« an interior siu face of thr. w?nd<i w. 

8 ) . i'Eic wliloitfaJ 5«n30v ttf daiiTi ^tf>> vvhwxnn sslrl «im«>l dihUtoIk q vsinddiield wipcj- an 
thcvcftiolc in uxsprmflcto dcitti:tioji of jiicwpiliifion parfjolBJipTKMiisrit i>ii llie window, 

S2. A vdiicuUr seiijxjf ibr toectin^ ralJi or fog oo a vdiicic wiiwlow, snid vuliiudiir 
:^eruor comprisii^: 

fl fn?{r illimiinKiku'i kouixxs; 

;i flcmnd UluminuliiiTi i^iuroi; 
5 Jill iniireuialiwi Kerisiw, rtmd Jirst illurnirraUon WlXlfce. and said illumMiation i«tih«t 

deJlnirift a flc5( optic paO) betv.'esii s&id fifst illumiiiatioii sourwxnd dm vcliicle witidow and 
between the vehxcia window ai)d said lilniiiiiiatioii sci\sor; 

said second illumiuutiati source and snid ilium jnaticwj xcrwor dcdjiing, a second optic 
palh hmvuai Pii^tf illumiiudium wwTca mvX llie vcbide v/iriduvv utid ^Jctwccn tbc vehicle 
\n wiudiiw md Kind illurriiciiktloci Kuii^it; 

a pfikrizinft f jltej posi(io«ed aloii^ one ol said first and scwmf opiic pulhK; and 

a contivDl^ wiiadn said control icspoiids to an oiKpui iifwiid illurriicLwljoti wsiwor in 
Older to indicAto ut Jcjist ono of prcci])itRtioii O" »n i;xccrior uitrfacc ^if the wiiiddv* and fog on 
ttT) inlci Kir Kurfucc oftlw window. 
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R.'i . The \'cliicA3ki' scissor of c I nun 82 , wliciviti said polariziag tiltcr is pos^itioMcd al our 
KuiO fJlSl 0|«4C pRtiT Ijct^vccii jjnid fir.?t ijfumil\Rlion source AIKI XllC wijldw, xad polavizinj^ 
CUa jacliiilinj^ a pass hxi» tlml is cniiaifed ^i«ia!ly iwinllcJ a pnrlirMi of said IiikI DfUlc path 
between said inuxiiicialiott sextsoi and tTi& vehicle, window. 

84. The vch idi Ixr sriiwv nf d fiiin , wliaviti said tU st ilUunliution som ini<1 said 
ilUimiii&T.imi scyiiHur kiTXi wiL-nCtd williiii aiBii)$ci>ra]ipnxiinaicly 80 (o 100 degfeei: itlartivc 
one KHOtlici' uliHij^ ivuid (inif in>Uc. putli. 

«5. Tlie. vdilwlar scojsor of dalm 83, whercio sakl first iHijmination stuiiws and .suid 
jllttmi«ari'>n fiicniicaifa] a|ipnxiniatdy Ofl ilcgroes YisiFilivconu uiiirther aloilfi said 

R6. Tilt veiJkMilat sciisw of clahu B2> ^^-hercin said control raponds t« mi output «r siiiid 
ilhiimnatcott sensor nud dctwrnwcs wfirrrhcr |>ir.c.ipltr(rw 13 yiiax^nt m mi cxlwior surface of 
iht or if fbg i» }irc«nit on »n iiita-ifji- Kiirfm*. nf llw whitlow. 

J^7. lliD vehicular KutiHor i>r claictl 8^:. v/lieraTi sai d 01 mtrftl ac^i vat&s a d wtku' 

im flie vchkle wheji pi^ipitntloji is detected on tlie window, and aotraiw « hhwwsi Ui lUfc 
vebicle when tog. is <\t>Wt;ti on thii wlndo^^', 

KX. The vdiicuJur hbhsih- of L3uirii 87, wlwrrai the vcJiicIb iricllicles a W)nd!?lwcW wiper and 
4k Txjflir window wipej, i?aid corrtco( actK'atcs tJie winrtslxlelcl wipcx and the ixsar windthv wipci' 
wlicn piccjpiftsTion is dctcocdt «dd weatiol cansiit&thDrcai window wipsr Ui cjrde Ibi cvciy 
N tyolcs of the vvimU^cld wi^'Xir, whcivin "M 15? gi wilui' Uun ^ . 

89. Tlitt vehicuiuj KCJit^u orduiiu whcixsin tlic vii)inr. i»f N vai JCS as a fiincfioii nl the 
jipeed of tiie 7?Indshield wlpei. 
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90. A vehicular sensor for detecting rain or fog on a vehicle window, said vehicular 
sensor comprising: 

an illumination source; 
a first illumination sensor; 
5 a second illmnination sensor, said illumination source and said first illumination 

sensor defining a first optic path between said illumination source and the vehicle window 
and between the vehicle window and said first illumination sensor, said illumination source 
and said second illumination sensor defining a second optic path between said illumination 
source and the vehicle window and between the vehicle window and said second illumination 
10 sensor; 

a polarizing filter positioned along one of said first and second optic paths; and 
a control, wherein said control responds to an output of said illumination sensor in 

order to indicate at least one of precipitation on an exterior surface of the window and fog on 

an interior surface of the window. 

91 . The vehicular sensor of claim 90, wherein said polarizing filter is positioned along 
said first optic path between said first illumination sensor and the window, said polarizing 
filter including a pass axis that is oriented parallel a portion of said first optic path between 
said illumination source and the vehicle window. 

92. The vehicular sensor of claim 91, wherein said illumination source and said first 
illumination sensor are oriented v^thin a range of approximately 80 to 100 degrees relative 
one another along said first optic path. 

93. The vehicular sensor of claim 91, wherein said illummation source and said first 
illumination sensor are oriented approximately 90 degrees relative one another along said 
first optic path. 

94. The vehicular sensor of claim 90, wherein said control responds to an output of said 
first illumination sensor and an output of said second illumination sensor and indicates at 
least one of precipitation on an exterior surface of the window and fog on an interior surface 
of the window. 
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95. The vehicular sensor of claim 94, wherein said control activates a windshield wiper 
on the vehicle when precipitation is detected, and activates a blower in the vehicle when fog 
is detected. 

96. The vehicular sensor of claim 95, wherein the vehicle includes a windshield wiper and 
a rear window wiper, said control activating the windshield wiper and the rear window wiper 
when precipitation is detected, said control causing the rear window wiper to cycle for every 
N cycles of the windshield wiper, wherein N is greater than 1. 

97. The vehicular sensor of claim 96, wherein the value of N varies as a function of the 
speed of the windshield wiper. 
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